"Unconventional superconductivity"refers superconductivity cannot be explained by the conventional electron-phonon coupling mechanism. Usually, unconventional superconductivity appears near the boundary of an ordered phase with broken translational or spin rotation symmetry 1-3 , so that it is thought to be tightly related to a (purely electronic) quantum critical point (QCP) 4, 5 . Transition metal dichalcogenides (TMDs) MX 2 , where M = Ti, Nb, Ta, etc., and X = S, Se, Te, exhibit a rich set of Peierls-like charge density wave (CDW) orders 6 . Many typical TMDs show the coexistence and/or competition between conventional superconductivity and CDW [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The resulted phase diagrams are very similar to those of unconventional superconductors, indicating that such superconductivity might be potentially due to a new kind of QCP unrelated to magnetic degrees of freedom [17] [18] [19] .
However, QCP is found to be far away from superconductivity recently in 1T -TiSe 2 under pressure 20 .
A better understanding of the relation needs to figure out the origin of CDW, which is a rather old but still long-standing issue in condensed matter physics [21] [22] [23] . The CDW and accompanied period-lattice-distortion (PLD) are usually explained by Peierls picture [21] [22] [23] [24] :
Fermi surface nesting, a pure electronic effect, drives the charge redistribution regardless of whether or not PLD subsequently happens. There is an opposite mechanism that the charge redistribution is driven by strong q -dependent electron-phonon coupling induced PLD, while
Fermi surface nesting only plays a minor role 24, 25 .
The typical system 1T -TaX 2 (X = S, Se, Te) (Figs. 1 (a)-(c)) is a good platform to investigate CDW and superconductivity. Some reports suggested Fermi surface nesting leads to CDW in the system 6, [26] [27] [28] [29] [30] , while some other investigations supported PLD mechanism 31, 32 .
Making solid solution of different parent materials of the system and observing the variation of CDW vector might help to figure out the universal CDW mechanism. Moreover, the correlation effect opens Mott gap of 5d -band of Ta in commensurate (C) CDW in 1T -TaX 2 (X = S, Se) 15 . Suppression of CCDW in 1T -TaS 2 leads to a unique nearly commensurate (NC) CDW ground state, which is composed of metallic incommensurate (IC) network and Mott insulating CCDW domains 6 . Superconductivity emerges only in the percolated metallic interdomain area 8, [12] [13] [14] , which is clearly not related to the QCP. On the other hand, at low temperatures 1T -TaSe 2 exhibits CCDW the same as 1T -TaS 2 does 6 . However, no NCCDW phase has been found in 1T -TaSe 2 . Introducing superconductivity into 1T -TaSe 2 and comparing it with the superconductivity in 1T -TaS 2 might lead to a better understanding of the universal relation of CDW and superconductivity in TMDs.
Previously, we found that the isovalent substitution in 1T -TaS 2−x Se x (0 ≤ x ≤ 2) system suppresses CCDW and NCCDW accompanied with superconductivity emergence in the middle doping area 14, 15, 33 . An ordered stacking of S/Ta/Se sandwiches is observed in 1T -TaSSe 33 . In the present work, we prepared a series of 1T -TaSe 2−x Te x (0 ≤ x ≤ 2) single crystals and obtained a phase diagram through the transport measurements. Different from the case in 1T -TaS 2−x Se x , we found that the doping induces Se/Te disorder in the system and suppresses CDW when 0.5 < x < 1.5. A dome-like superconductivity with maximum
of 2.5 K was observed near CDW. The superconducting volume is very small inside the CDW phase and becomes very large instantly when CDW is fully suppressed. Our observations can be clearly understood based on PLD mechanism. The volume variation of superconductivity implies the emergence of domain walls when CDW is suppressed.
SUPERCONDUCTING DOME NEAR CDW
The X-ray diffraction (XRD) patterns of 1T -TaSe 2−x Te x (x = 0, 1, and 2) single crystals are shown in Fig. 1 (d) , in which only (00l) reflections were observed, suggesting the caxis is perpendicular to the surface of single crystal. With increasing x, the diffraction peaks distinctly shift to lower angles, reflecting the crystal expansion induced by Te doping. . With higher Te content x > 1.5, the crystal structure gradually distorts to a monoclinic one with the C 2/m space group, which could also be considered as a single-q CDW-type distortion 6, 30 .
MECHANISMS OF CDW AND SUPERCONDUCTIVITY
To explain our observation in 1T -TaSe 2−x Te x system, we performed the first principle calculations (Fig. 3) . We firstly calculated the two end members of 1T -TaSe 2 and hypothetical 1T -TaTe 2 , respectively. The fully optimized structural parameters, listed in Table I , (Fig. 3 (o) ), which is corresponding to the reported (3 × 1) single-q CDW-type superlattice 29 . The high coincidence of the calculated and experimentally reported instabilities strongly proves the reliability and accuracy of the phonon calculation. Moreover, different from 1T -TaSe 2 , 1T -TaTe 2 shows a much larger area of instability, which expands to ΓK line (see Fig. 3 (j) ). That might be the reason why 1T -TaSe 2 only shows the small atomic displacement in CDW phase, which can be suppressed at high temperatures, while the single-q CDW-type distortion in TaTe 2 is very stable and the ideal-1T structure has never been observed. close to E F , where small hole-type pockets are observed 39 . Obviously, our LDA calculations accurately simulated the band structure of 1T -TaSe 2 (Fig. 3 (b) ). Three bands cross E F :
The lower two bands (colored in blue and orange in Fig. 3 (b) ) form small cylindrical holetype pockets close to Γ (Figs. 3 (c) and (d) ). The Fermi surface introduced from the higher band crossing E F (colored in red in Fig. 3 (b) ) is shown in Fig. 3 (e) . 1T -TaTe 2 , one can notice that the band structure and Fermi surfaces (Figs. 3 (k) -(n)) are highly similar to those of 1T -TaSe 2 .
The Fermi surface nesting can be reflected in generated electron susceptibility q ≈ 0.28a * , while recent calculation by Yu et al. 40 reports a maximum of χ ′ at q ≈ 0.295a * .
Clearly, the maxima of χ ′ and χ ′′ locate far away from q CDW = (Fig. 4) , which means if the S/Se or Se/Te are orderly distributed, CDW could not be suppressed. Therefore, our observed suppression of CDW is due to the doping induced disorder. From Table I , one can notice that the optimized z -coordinates of X atoms in pristine 1T -TaX 2 (X = Se, Te) is about ±0.27. However, for 1T -TaSeTe(O), the z -coordinates of X atoms change to z Se = 0.249 and z Te = −0.296, which indicates the TaX 6 octahedra are largely distorted.
When the Se and Te atoms are randomly mixed, random distortions of TaX 6 octahedra can be expected in reality, leading to the puckered Ta-Ta layers. This is not compatible with pure two-dimensional PLD. The above scenario can account for the fact that the disorder completely suppresses CDW in 1T -TaSe 2−x Te x system.
We also try to understand the superconductivity near CDW based on the PLD mechanism. The electron-phonon coupling strength for each mode (λ q ν ) is defined as,
(1)
An imaginary frequency ω of the phonon mode indicates the dynamical instability (in our cases it indicates the CDW distortion). When the CDW is suppressed, the stabilizing of 1T structure will make the imaginary frequency ω around q CDW become a small real value 31, 32 . The large γ and small real ω in Eq.(1) can cause a large electron-phonon coupling constant, leading to the superconductivity. However, it is still hard to understand the part of superconducting phase locating inside the CDW area of the phase diagram. state. That characteristic makes 1T -TaS 2 very unique among the TMDs with CDW in a long time 6 .
UNIVERSAL SCHEMATIC PHASE DIAGRAMS

1T -TaS
In CCDW states of 1T -TaS 2 and 1T -TaSe 2 , the 5d band of Ta opens a Mott gap, which should prohibit the superconductivity inside CCDW phase. In NCCDW state of 1T -TaS 2 , the CCDW domains remain Mott insulating, superconductivity can only emerge in the metallic interdomain area 8 . In our present 1T -TaSe 2−x Te x , considering the observed very small superconducting volume inside the CDW phase, one can expect that the domain walls emerge when CDW is suppressed, just like the case demonstrated in 1T -TiSe 2 under pressure 20 . Very recently, the coexistence of CCDW and ICCDW phases was observed during the photoinduced suppression of CDW in 1T -TaSe 2 42 , which supports our concluded scenario. Since dome-like superconductivity is usually found in TMDs with CDW, the domain walls should be universal, although they are hard to be reflected in the routine measurements.
Thus we can illustrate the universal natures of CDW and related superconductivity in some novel TMDs such as 1T -TaS 2 , 1T -TaSe 2 and 1T -TiSe 2 . At q CDW , the strong electronphonon coupling largely softens the phonon modes. Below T CDW the phonon energy at q CDW becomes imaginary, meaning there is a new lattice structure. Since CDW originates from the strong q -dependent electron-phonon coupling induced PLD instead of the Fermi surface nesting, the CDW gap does not need to be opened exactly at E F when the CDW transition happens. Therefore, there is no reason to have a metal-insulator transition associated with the CDW transition 41 .
We drew the schematic phase diagrams to show the tuning process of CDW in those systems (Fig. 5) . The tuning factor such as doping or pressure can harden the phonon mode at q CDW . When the phonon energy at q CDW becomes real, CDW is suppressed. The suppression probably firstly happens in a small area, leading to the emergence of domain walls. In 1T -TaS 2 , the interdomain areas grow and the domains shrink upon tuning. When the domains disappear, the CDW is fully suppressed (Fig. 5 (a) ). For 1T -TaSe 2 and 1T -TiSe 2 , in CDW order the domain walls are strongly pinned. In that case, the volumes of the filament-like interdomain areas are very small, so that the routine phase diagram (Fig. 2 (e)) based on transport measurements cannot reflect the situation. A more accurate phase diagram obtained by some measurements with high resolution should follow the schematic diagram presented in Fig. 5 (b) . The mechanism of different pinning of domain walls in 1T -TaSe 2 and other systems needs to be further investigated.
The superconductivity near CDW is not due to QCP, but to the emergence of domain walls. In the interdomain areas, as CDW is just suppressed, the phonon frequency at q CDW has a small real value, leading to a large total electron-phonon coupling constant. Once the interdomain areas percolated, superconductivity emerges (Fig. 5) . When system is far away from CDW, the phonon frequency at q CDW become larger, and thus the total electron phonon coupling constant decreases. Therefore, a dome-like superconducting phase can be obtained.
In conclusion, we prepared a series of 1T - TaSe Vanderbilt-Marzari Fermi smearing method with a smearing parameter of σ = 0.02 Ry was used for the calculations of the total energy and electron charge density. Phonon dispersions were calculated using DFPT 46 with an 8 ×8 ×4 mesh of q -points. In order to investigate the distribution of CDW instability around the q CDW , 16 × 16 × 1 q -points were used. Denser 64 × 64 × 8 k -points are used for electron-phonon coupling.
The real part of the electron susceptibility is defined as
where f (ε k ) is Fermi-Dirac function. The imaginary part is
We used a mesh of approximately 40,000 k points in the full reciprocal unit cell to calculate the energy eigenvalues derived for the electron susceptibilities.
The phonon linewidth γ is defined by
where the electron-phonon coefficients g q ν (k , i, j) are defined as, g q ν (k , i, j) = ( 2Mω q ν ) 1/2 ψ i,k | dV SCF dû qν ·ǫ q ν |ψ j,k+q .
According to this definition, γ, which reflects the electron-phonon coupling contribution, is a quantity that does not depend on real or imaginary nature of the phonon frequency.
